1. Introduction
===============

Rapid maxillary expansion (RME) is a procedure with a long history and is the most effective orthopedic approach for expanding and increasing the transverse dimension and correcting the transverse discrepancies through increasing the intermolar width, opening the midpalatal suture and separating the two halves of the maxillary bone with the use of forces of large magnitude ([@b1-epj-09-4035]--[@b9-epj-09-4035]). Gradually, the two halves of the maxillary bone interdigiated to some extent and cannot be separated from each other even with force and in-office appliances; the only way to separate the two halves is through surgery or surgically assisted rapid maxillary expansion (SARME) ([@b10-epj-09-4035]). Contrary to other cranial sutures, the midpalatal suture in human beings is the only suture that might not close up in the elderly ([@b11-epj-09-4035]); thus, decision to carry out SARME or RME should not be made only based on the chronological age ([@b10-epj-09-4035], [@b12-epj-09-4035], [@b13-epj-09-4035]). Although SARME is possible at any age, it is a more aggressive approach and imposes extra costs and gives rise to problems for both the patient and the orthodontist ([@b3-epj-09-4035]). Different studies on the morphology and degree of fusion of the suture and its initiation time in different individuals have yielded wide variations at the time of initiation and progression of the closure of the suture ([@b3-epj-09-4035], [@b14-epj-09-4035]--[@b16-epj-09-4035]); some cases of completely open sutures have been reported in subjects over 18 years of age ([@b10-epj-09-4035], [@b14-epj-09-4035], [@b17-epj-09-4035], [@b18-epj-09-4035]). Based on a study by Melsen, the morphology of the suture changes at each stage of development ([@b19-epj-09-4035]). Changes are observed in the biologic behavior, morphology, and an increase in the density with aging and skeletal maturation ([@b20-epj-09-4035]). In the past, maxillary occlusal radiographs were used for the evaluation of inter-maxillary suture; on such radiographs, it is difficult to carry out an antero-posterior evaluation of the suture because the image is a 2D representation of a 3D structure, and, due to the superimposition of the nasal structures and the vomer bone on the midpalatal area, misinterpretation of the radiography and discrepancy with morphologic findings are possible ([@b14-epj-09-4035], [@b21-epj-09-4035]). CT and CBCT techniques are alternative techniques that can provide 3D and high-resolution images of craniofacial structures ([@b5-epj-09-4035], [@b16-epj-09-4035], [@b20-epj-09-4035]). Another characteristic of these techniques is their high dimensional accuracy and their reliability for the evaluation of inter-maxillary suture, noninvasive nature, saving time, easy access, and lack of anatomic superimposition ([@b5-epj-09-4035], [@b20-epj-09-4035], [@b22-epj-09-4035]). Given the discrepancies between the results of studies on the time of initiation and progression of the closure of the suture ([@b18-epj-09-4035],[@b23-epj-09-4035],[@b24-epj-09-4035]), the present study was undertaken to evaluate the morphology and the degree of closure of the inter-maxillary suture in different age groups in both genders with the use of CBCT technique.

2. Material and Methods
=======================

2.1. Design and setting
-----------------------

A total of 144 CBCT images of the maxilla of Iranian subjects (72 males and 72 females) were evaluated in the present descriptive study. The subjects were 10--70 years of age, with a mean age of 39.62±17.31 years and had been referred to a private maxillofacial radiology center in 2014--2016 in Sari, Iran, for diagnostic reasons. The subjects were grouped in 10-year groups.

2.2. Sampling and eligibility criteria
--------------------------------------

The sample size was calculated at 138 by assuming σ=15%, CI=95%, and an accuracy rate of 2.5%, but 144 subjects were included for proper age and sex distribution. The samples were selected randomly. Subjects with a history of any systemic disease related to bone metabolism or a history of taking drugs related to such problems and those with a history of orthodontic treatment were excluded from the study.

2.3. Measurement tool
---------------------

All the CBCT images were taken with a Cranex 3D CBCT unit (Cranex 3D Soredex, Helsinki, Finland) with a flat panel detector using the following exposure settings: kVp=89, mA=6, voxel size=0.2, FOV=6×8 cm, and high-resolution option. The images were analyzed with "OnDemand3D™ Dental" software programs to evaluate maturational stage of the midpalatal suture and the degree of suture closure using the following steps.

2.4. Assessment of midpalatal suture morphology
-----------------------------------------------

First, the horizontal line of the image analysis software was used on the sagittal plane to position the palate horizontally in order to evaluate the morphology and maturation stages of the suture. The head was moved downward or upward to make the antero-posterior axis of the palate parallel with the horizon line of the software program ([Figure 1](#f1-epj-09-4035){ref-type="fig"}). Then, the morphology and developmental stage of the midpalatal suture was determined on the axial plane in the supero-inferior dimension, i.e., from the level of the nose to the oral level of the palate. In subjects with a curved palate, i.e., in subjects in whom the anterior and posterior segments of the palate are not seen in one axial slice, the palate was evaluated separately in two anterior and posterior central cross-sectional axial slices along the midpalatal suture ([Figure 2](#f2-epj-09-4035){ref-type="fig"}). The morphology and the maturational stage of the midpalatal suture were determined based on a classification introduced by Angelieri et al. ([@b23-epj-09-4035]) by an experienced oral and maxillofacial radiologist.

2.5. Calculation of the percentage of ossification of the midpalatal suture
---------------------------------------------------------------------------

To acquire the obliteration index ([@b24-epj-09-4035]), axial cross-sections were used. A line was drawn from ANS to PNS; then, first, the overall length of the suture and then the length of the ossified segment was measured, and the obliteration index was calculated using the following formula:
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2.6. Statistical analyses
-------------------------

In order to acquire the intra-observer agreement coefficient, two weeks after the initial analysis, 10% of the CBCT images were selected randomly and the suture developmental stage, its overall length, and the degree of suture fusion were evaluated and classified again using the method described above. The agreement coefficients for quantitative values, i.e., the total length of the suture and the degree of ossification, were calculated at 90% and 100%, respectively, and at 85% for qualitative values with the use of weighted kappa coefficient. Data were analyzed with SPSS version 17 (SPSS Inc., Chicago, Illinois, USA). Spearman's correlation test was used to evaluate the maturational stage in different age groups; Chi-squared test was used to compare the two genders. In addition, Chi-squared test was used to analyze groups and the two genders. A Kalmogorov-Smiranov test was used to evaluate the normal distribution of data in order to evaluate the quantitative variables in different groups. Variables that were distributed normally were analyzed with t-test and ANOVA and those that were not distributed normally were analyzed with Mann-Whitey U and Kruskal-Wallis tests. Statistical significance was set at p\<0.05.

3. Results
==========

In the present study, the developmental stage, the overall length, and the degree and percentage of ossification of the midpalatal suture in 10-year age groups were determined in 72 males and females with mean ages of 39.42±17.68 and 39.83±17.06 years, respectively. Evaluation of the developmental stage of the suture in different age groups, irrespective of gender, showed a percentage of 53.8% for stage A in the 10- to 19-year-old age group (10 females and 11 males), with lower percentages in the other age groups. None of the subjects in the 50- to 59-year-old age group exhibited this developmental stage, and in the \>60-year age group only one female subject exhibited stage A. The distribution of stage B was almost similar in all the age groups. Stage C rates were 31.2% in the 20- to 29-year age group and 34.3% in the 30--39-year age group. In other age groups, this stage had lower rates. In the 10- to 19-year age group, this stage was detected in only one female subject. In addition to the stages mentioned in the study by Angelieri et al. ([@b23-epj-09-4035]), in the present study a new form was observed, in which the anterior segment of the suture (anterior to the nasopalatine foramen) was similar to stage C, and its posterior region was similar to stage D. This new form is, in fact, a stage between stage C and stage D and was dubbed stage CD ([Figure 3](#f3-epj-09-4035){ref-type="fig"}).

In the present study, 8.3% of female subjects and 9.7% of male subjects were in this stage. This stage was not detected in the 10- to 19-year age group. Stage D was observed only in the subjects in \>40 years old. Stage E was detected in none of the two first age groups (10--19 and 20--29) and was mainly detected (47%) in the \>50 years old. Spearman's correlation coefficient showed a high rate of correlation between the age groups and the developmental stage of the suture. In this context, the developmental stage of the midpalatal suture progressed to stage E with aging (r=0.681, p\<0.001), with no significant difference between males and females (p=0.777). In relation to the point of initiation of ossification, in all the age groups in both genders, ossification began from the posterior region of the transverse palatine suture toward the anterior region. In only one 54-year-old female subject of 144 subjects, ossification occurred in the antero-posterior direction, and in one 49-year-old female subject and one 36-year-old male subject ossification had begun from the middle area. The overall lengths of the suture in female and male subjects were 52.75±2.97 and 55.63±3.40 mm, respectively, with a significant difference between males and females (p=0.011). The rates of ossification of the mid-palatal suture in female and male subjects were 13.55±20.6 and 18.48±24.34, respectively (p=0.193). In general the degree of ossification of the suture increased with aging in both genders and the relationship was statistically significant (p\<0.001).

4. Discussion
=============

In the present study, the degree of ossification of the midpalatal suture and the relationship between its developmental stage and age and gender were evaluated. The results of the present study in relation to the degree of ossification of the suture in the 10-year age groups showed that ossification increased with aging; however, some cases of completely open sutures were observed in the \>20-year age groups. The results of the present study are consistent with those of previous studies ([@b10-epj-09-4035], [@b11-epj-09-4035], [@b18-epj-09-4035], [@b25-epj-09-4035]). Nguyen (2008) carried out a study on 20 patients over 70 years of age and reported that the midpalatal suture is the only suture that might not close completely even in the elderly ([@b11-epj-09-4035]). In addition, in a study by Poorsattar et al., some cases of incomplete ossification of the suture were observed at ages \>40 years ([@b10-epj-09-4035]). In another study with the use of CBCT images, in only 13% of the adult subjects completely closed sutures were detected ([@b25-epj-09-4035]). In addition, the results of 30 micro-CT analyses in a study by Krobmacher et al. in 28 patients 14 to 17 years of age showed no significant relationship between closure of the suture and age ([@b18-epj-09-4035]). Based on a hypothesis by Cohen, there is no relationship between the termination of growth and closure of the suture, i.e., even if 95% of the growth of the maxilla ends at 7 years of age, the suture is not necessarily closed ([@b26-epj-09-4035]). Studies have attributed the open suture in adults to a decrease in the functional forces of muscles due to aging and loss of teeth or use of a softer diet due to poor health; thus, the relative course of development of the midpalatal suture depends on the masticatory forces exerted on the maxillary bone during life, and, contrary to other cranial sutures, the mechanical forces such as the forces of mastication affect the ossification process and morphology of the suture ([@b11-epj-09-4035], [@b27-epj-09-4035]). Therefore, chronological age alone is not suitable to determine the developmental stage of the suture and should be considered in association with the effects of hormonal and genetic factors and mechanical forces on the ossification of the suture ([@b14-epj-09-4035], [@b18-epj-09-4035], [@b23-epj-09-4035]). In the present study, the effect of gender on the degree of ossification of the suture was not significant; thus, only a significant increase in ossification in females was observed one decade later compared with males, which is contrary to the results reported by Chracanovic and de Fátina Batista, who believed that closure of the suture and skeletal maturation in females occurred earlier than that in males ([@b3-epj-09-4035], [@b28-epj-09-4035]). However, in the study by Nguyen (2007), no relationship was found between gender and the closure of the midpalatal suture, which is consistent with the results of the present study ([@b25-epj-09-4035]). In a study by Angelieri et al. (2012) on CBCT images of 140 patients with an age range of 5.6--58.4 years, subjects over 11 year of age exhibited all the developmental stages mentioned above for the midpalatal suture. The authors also reported that the chronological age was an invalid criterion for determining the developmental stage of the midpalatal suture during growth ([@b23-epj-09-4035]). In the present study, too, evaluation of the morphology of the suture in 10-year age groups revealed wide variations in subjects over 20 years of age, with 50% of the subjects over 20 years of age in stages A, B, and C of the development of the suture; in these stages, completely open sutures are observed. In addition, these results are consistent with those reported by Reveolo et al., who showed that, although there is a significant relationship between completion of growth and initiation of ossification of the midpalatal suture, there are wide variations between the individuals in the ossification process ([@b29-epj-09-4035]). In a study by Fricke-Zech et al., it was reported that morphologic changes in suture are wide in different individuals and are not related to age only ([@b13-epj-09-4035]). In the present study, evaluation of the suture morphology did not reveal any significant differences between males and females, which is consistent with the results of a study by Revelo et al. on 84 subjects (39 males and 45 females) with an age range of 8 to 18 years ([@b29-epj-09-4035]). The results of the present study showed the postero-anterior direction of ossification of the suture. Malison et al., too, showed the formation of several osseous bridges in adults in the postero-anterior direction and from the oral side to the nose ([@b19-epj-09-4035]). The results of a study by Knaup et al., too, are consistent with those of the present study ([@b17-epj-09-4035]). Finally, CBCT is an effective technique for the evaluation of the degree of ossification and the developmental stage of the midpalatal suture irrespective of age due to the multiple views it provides and its low radiation dose, facilitating decisions about the use of rapid maxillary expansion, or the more aggressive surgically assisted rapid maxillary expansion, especially in young patients.

5. Conclusions
==============

The results of the present study showed a wide variation in the initiation time and the degree of ossification and morphology of the midpalatal suture in different age groups. Based on the results of the present study, although there was an increase in the closure of the suture with aging, age is not a reliable criterion for determining the open or closed nature of the suture. This finding is important in preparing an appropriate orthodontic treatment plan, irrespective of the patients' age. Therefore, use of 3D imaging techniques such as CBCT is suggested to determine the degree of ossification and morphology of the midpalatal suture in all the patients. It is suggested that a similar study be carried out with a larger sample size to pave the way for future studies.
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